Introduction
Coordination of neovascularization with tumor growth is a critical feature during tumor development (reviewed in Folkman, 1993 ). An imbalance between growth and angiogenesis leads to oxygen deprivation and cell death, oftentimes with the appearance of necrosis. Astrocytoma are useful tumors to study these events. These neoplasms are classi®ed pathologically in three de®ned stages: low grade astrocytoma (WHO grade II), anaplastic astrocytoma (grade III) and glioblastoma (grade IV). High grade tumors can occur de novo or result from the progression of a lower grade lesion. Clinically, these neoplasms represent the major cause of death from primary central nervous system (CNS) tumors; the most malignant form usually being fatal within 1 year despite the best available treatments (reviewed in Kleihues and Cavenee, 1997; Russell and Rubinstein, 1998) .
Biologically, in astrocytoma, vessel development parallels malignant progression, with the most malignant form being the most vascularized. Somewhat surprisingly, this is also the stage where small and large areas of necrosis develop. This is most likely the result of hypoxia due to unbalanced growth and oxygen supply, and vascular compression after increased interstitial pressure. In addition, as a result of thrombosis, ischemia may occur since the vessels characterizing this stage are structurally abnormal (reviewed in Kleihues and Cavenee, 1997; Russell and Rubinstein, 1998) .
Our previous work suggested that IL-8 expression was regulated by oxygen pressure in glioma cells and correlated with a topologically-restricted expression pattern in vivo . IL-8 is a chemokine involved in leukocyte chemoattraction and activation during in¯ammatory processes (reviewed in Baggiolini et al., 1994) , and a factor with angiogenic properties in a variety of assays (Arenberg et al., 1996; Hu et al., 1993; Koch et al., 1992; Szekanecz et al., 1994) including tumor neovascularization (Arenberg et al., 1996; Singh et al., 1994; Smith et al., 1994; Wakabayashi et al., 1995) . We found that IL-8 expression was essentially con®ned to two regions in human glioblastoma: in the vicinity of vessels (Van Meir et al., 1992) , and surrounding necrosis in a cellular arrangement called pseudopalisade where strong expression of vascular endothelial growth factor (VEGF) had previously been described (Plate et al., 1992; Shweiki et al., 1992) .
These ®ndings raise new questions: is the response to decreased oxygen a general feature of glioblastoma, a tumor group known for its biological and genetic heterogeneity?; does the induction directly result from anoxia or from reactive oxygen species created during the reoxygenation process?; is there a common induction mechanism for IL-8 and VEGF which would be a good therapeutic target?; does the induction occur at the transcriptional level and what are the molecular mediators involved?; are the cells expressing IL-8 and VEGF in vivo identical? To address some of these questions, we tested ®ve glioma cell lines (four derived from glioblastoma and one from gliosarcoma) diering in their morphology, genetic composition, and biological behavior using two experimental model systems which provide an anoxic stress: ®rst, an anoxia-generating chamber, and second, exposure to cobalt, a metal ion capable of inducing anoxia-like eects by locking O 2 -sensing heme proteins in their deoxyconformation (Goldwasser et al., 1957; Hochachka et al., 1996) .
We show that in all four glioblastoma cell lines (LN-229, LN-Z308, U87MG, T98G) both IL-8 and VEGF mRNA levels are upregulated by anoxia or cobalt, and that these responses are not due to reoxygenation. Further analysis using LN-229 and LN-Z308 cells showed that the induction mechanism involves transcriptional regulation and correlates with increased binding activity to the AP-1 response element on the IL-8 promoter. Finally, we demonstrate dierences in the pathways upregulating IL-8 and VEGF mRNAs in response to anoxia and correlate this with dierent expression patterns in vivo.
Results

Increase of IL-8 mRNA levels by anoxia
Using anoxia generating chambers, (see Materials and methods), we induced an increase in IL-8 mRNA expression in four of four glioblastoma cell lines tested (LN-229, LN-Z308, U87MG and T98G), but not in the D247MG gliosarcoma cell line (Figure 1 ). Induction kinetics showed two peaks (Figure 1a,b) . The ®rst one culminated by 4 h and decreased to background levels by 12 h. This is due to IL-8 mRNA induction by serum factors and was not observed when the cells were not supplied with fresh medium right before anoxic induction (see Figure 2c ). The second peak was dependent on anoxia, started around 8 h and peaked at 24 h after induction (Figure 1a,b) .
Reoxygenation of the cells for 24 h after anoxia showed reversibility of IL-8 mRNA increase to constitutive levels (Figure 1a) , whereas reoxygenation for 2 h did not (LN-229, U87MG), or only slightly (T98G), modify the increased levels of IL-8 mRNA (Figure 1c) , suggesting that the increase is mainly due to anoxia. Control hybridizations with a VEGF cDNA probe showed similar inducibilities under the reduced oxygen conditions applied, but not by serum (Figure 1a,b) . Also of note, was the rapid decrease in anoxia-induced VEGF mRNA levels upon reoxygenation, in contrast to IL-8 mRNA levels, which remained stable. Control hybridization with a b-actin probe showed decreased expression at 24 h under anoxia conditions (Figure 1a ,b) as previously observed . To examine whether the increase in IL-8 mRNA levels resulted in augmented protein, we measured IL-8 synthesis by ELISA (Figure 1d ). Anoxia-mediated IL-8 increase was observed at 24 h. During the 24 h anoxic treatment cell viability was retained as suggested by morphological examination and membrane exclusion of trypan blue. Cell counting showed a reduction in cell number increase by 25 ± 30% in anoxia as compared to normoxia over the 24 h period; no cell detachment was observed until that time lines which were able to sustain up to 48 h of anoxia with minimal loss of cell viability.
Induction of IL-8 mRNA by cobalt
Next, we wanted to examine whether anoxic induction of IL-8 occurs by oxygen-sensing and signal transduction pathways similar to the ones described for hypoxia-inducible factors such as erythropoietin (EPO), or vascular endothelial growth factor (VEGF). For these factors, incubation of cells with cobalt mimicks the inducibility mediated by oxygen deprivation stress (Goldberg et al., 1988; Goldwasser et al., 1957) . Treatment of glioblastoma cell lines with 150 ± 1200 mM CoCl 2 for 24 h showed moderate (LN-229) to strong (LN-Z308) induciblity of IL-8 mRNA after 24 h (compare lane 2 with lanes 3 ± 7 in Figure 2a and b, respectively). To further examine induction kinetics, we chose 400 mM CoCl 2 , a concentration generating IL-8 mRNA levels similar to those obtained under anoxic stress. Morphological examination and membrane exclusion of trypan blue showed no apparent cell toxicity at this concentration (not shown; Desbaillets, 1997) . Treatment of the cells with 400 mM CoCl 2 induced signi®cant increase in IL-8 mRNA levels at 12 and 24 h. In contrast, VEGF mRNA was already signi®cantly induced at 3 h after cobalt treatment (Figure 2c,d ). Constitutive IL-8 mRNA production in culture was higher in LN-Z308 cells than in LN-229 as previously observed (Van Meir et al., 1992) .
Inhibition of IL-8 mRNA increase by transcriptional inhibitors
To examine whether anoxia-or cobalt-mediated increase in IL 
Nuclear run-on assay demonstrates increased IL-8 gene transcription under anoxia
To establish whether the increase in mRNA levels observed after anoxic treatment was partly due to increased transcription of the IL-8 gene as indicated by the Act.D and DRB blocking experiments, we performed nuclear run-on assays (see Materials and methods). Nuclear extracts were prepared from LN-229 glioblastoma cells treated or not with anoxia for 12 and 24 h and transcriptional elongation was terminated in vitro with 32 P-labeled UTP. Under anoxia at 12 and 24 h we found, respectively, a 2.2-and 5.8-fold higher transcriptional activity of the IL-8 gene as compared to normoxia (Figure 4 ). In comparison, the increase in VEGF gene transcription occured faster and with higher induction levels (28.9-and 20.1-fold). Although the intensities of the signals on the membrane suggest that ongoing synthesis of IL-8 and VEGF transcripts are comparable under anoxia, calculated induction levels are dierent due to lower constitutive expression of the VEGF gene under in vitro culture conditions. Transcription levels on the b-actin were stable under the same conditions and non-speci®c hybridization to vector DNA (pUC19 and pBS) was minimal.
Anoxia and cobalt induce protein binding activity on the AP-1 responsive site of the IL-8 gene in glioblastoma cells
To examine whether nuclear factors are induced by anoxia and cobalt chloride treatments, we performed Induction with anoxia for 24 h was used as a positive control (lane 1). Densitometry showed IL-8 mRNA increases of 1-, 1.5-, 6-, 10-and 14-fold in LN-229 at 150, 300, 600, 900, 1200 mM CoCl 2 , respectively. The increases were 2-, 2.5-, 10-, 14-and 16-fold in LN-Z308. Time course of IL-8 and VEGF mRNA induction by 400 mM CoCl 2 in LN-229 (c) and LN-Z308 (d) cells. Culture medium was changed 12 h before beginning the experiment to avoid serum eects. Lower exposure of the bactin autoradiograph showed that the slight increase in constitutive IL-8 mRNA levels in LN-Z308 seen at 1 h (d, lane 2) was due to RNA loading. Densitometry showed 20-and 37-fold increases for LN-229 at 12 and 24 h, and ®ve and sixfold for LN-Z308 electrophoretic mobility shift assays (EMSA). Nuclear extracts, prepared from cells incubated in gaspack anoxia chambers or stimulated with cobalt chloride for various lengths of time, were incubated with radiolabeled oligonucleotides corresponding to binding sites for the AP-1, NF-kB and C/EBPb/NF-IL-6 transcription complexes found in the IL-8 promoter (Kunsch et al., 1994; Mukaida et al., 1990) . To avoid serum interference in these assays, fresh medium was added to the cells 12 h before stimulation. Equal amounts of nuclear extracts were used in EMSA. Nuclear extracts prepared from glioblastoma LN-229 cells contain factors constitutively binding to AP-1 (Figure 5a , lanes 1 ± 6), C/EBPb (lanes 7 ± 12) and NFkB sites (lanes 13 ± 18). Increased protein binding was observed under anoxia to the AP-1 site (compare lanes 2 and 3). This response was speci®c to the anoxic stress since in¯ammatory stress with IL-1b did not increase binding (Figure 5a , lane 4). Binding to C/ EBPb and NF-kB sites was not aected by anoxia treatment (Figure 5a, lanes 8, 9 and 14, 15) . Protein content in nuclear extracts was monitored by quantifying DNA binding of house-keeping transcription factor MLTF (adenovirus type 2 major late transcription factor) to its cognate viral DNA binding sequence (Figure 5a, lanes 19 ± 24) . Competition with unlabeled speci®c and non-speci®c oligonucleotides were performed as controls to ensure speci®city of DNA binding (Figure 5a, lanes 5, 6; 11, 12; 17, 18; 23, 24) . Similar results were obtained with LN-Z308 cells and showed increased binding to the AP-1 site between 8 and 24 h (Figure 5b , lanes 7, 9 and 11). Strong binding to the AP-1 site was also observed when LN-Z308 cells were treated with CoCl 2 for 2 ± 24 h ( Figure 5c lanes 4 ± 7) . Binding to C/EBPb and NF-kB sites was not aected by anoxia or cobalt treatments in LN-Z308 cells. Controls with competitor and MLTF oligonucleotides were also performed (see legends to Figure 5b ,c).
Dierences in IL-8 and VEGF mRNA-expression patterns in vivo
The apparent dierences in oxygen and cobalt-sensing mechanisms and kinetics for induction of IL-8 and VEGF mRNAs (see Figures 1c and 2 ) prompted us to examine whether these might lead to topological dierences in expression in vivo. To test for this possibility, we performed in situ hybridization on adjacent sections of 3 of 12 human glioblastoma previously studied for IL-8 mRNA expression . We selected these because they presented histopathologically with multiple clearly-de®ned areas with necrosis surrounded by pseudopalisades. These experiments evidenced that IL-8 and VEGF mRNA expression patterns showed regional dierences. Cells expressing VEGF mRNA usually formed a rather uniform dense layer of cells at the edge of necrosis (Figure 6a,b,e) . In contrast, the IL-8 mRNA expression pattern was more punctuate (Figure 6c,d,f) . In the immediate vicinity of necrosis, numerous positive cells were interspersed with nonexpressors and, more distally, a sprinkled expression pattern was observed in an area rich in vessels where no VEGF mRNA expression was seen. VEGF mRNA expressing pseudopalisades which did not show IL-8 mRNA expression were also occasionally found (not shown). Control sections with sense probes were negative (not shown). Immunohistochemistry with an anti-IL-8 antibody on an adjacent section (Figure 6g ) con®rmed expression of IL-8 in distinct cells of the palisade as previously reported (Van Meir et al., 1992) . These results suggest dierential regulation of VEGF and IL-8 genes in glioblastoma.
Discussion
The malignant progression of astrocytoma is a pathological process where transition to the most Measurement by electromobility shift assays (EMSA) of protein complex binding to radiolabeled oligonucleotides containing IL-8 promoter sequences known to bind transcription factor complexes AP-1, C/EBPb and NF-kB, respectively. Binding to a probe for the ubiquitously expressed MLTF transcription factor was used as a control for integrity of the extracts. Cells were treated with normoxia or anoxia or with IL-1b (10 U/ml). To avoid serum eects, medium was changed 12 h before the beginning of the experiments. Experiments were repeated three times with similar results (Desbaillets, 1997) . malignant stage coincides with the appearance of necrosis (Kleihues and Cavenee, 1997). Recently, we showed elevated IL-8 mRNA expression in perinecrotic cells in glioblastoma using in situ hybridization. We suggested that this might be due to upregulation by hypoxia/ischemia by unknown mechanisms , as was previously shown for the VEGF gene (Plate et al., 1992; Shweiki et al., 1992) . Here, we examined the mechanism upregulating IL-8 expression in response to anoxia in glioblastoma cells, and compared it to the one previously described for VEGF (Damert et al., 1997; Ikeda et ). e and f are high power magni®cations of a and c, respectively. Control sections with sense probes were negative (not shown). The sections with VEGF antisense probes were also counterstained with an anti-Glial Fibrillary Acidic Protein (GFAP) antibody (see light brown staining in a,e). As a control for IL-8 expression immunohistochemistry with an anti-IL-8 antibody was performed on an adjacent section (g) al., 1995; Shweiki et al., 1992) . We ®rst showed that this mechanism was operative in a variety of glioblastoma cell lines representative of the heterogeneity of this tumor type, and demonstrated that it did not depend on a particular genetic background such as p53 status (see Materials and methods). p53-negative cells are known to be more resistant to hypoxic stress (Graeber et al., 1996) . In contrast, in the single gliosarcoma cell line (D247MG) tested the mRNA for VEGF, but not for IL-8 was induced under anoxia. IL-8 mRNA was inducible in these cells by other stimuli such as treatment with TNFa. This suggests dierences both in the decreased oxygen sensing or response mechanisms between glioblastoma and gliosarcoma, and the mechanisms inducing VEGF and IL-8 mRNAs upon anoxia. We further demonstrated that in vitro the augmentation of IL-8 and VEGF mRNAs was due to the anoxic step itself, rather than the reoxygenation that followed. Upon 2 h reoxygenation, IL-8 mRNA remained stable, whereas VEGF mRNA levels decreased. This is perhaps due to the rapid degradation upon normal oxygen tension of hypoxia-inducible factor-1 (HIF-1), a transcription complex which is involved in VEGF gene regulation by hypoxia (Gassmann et al., 1996; Wang and Semenza, 1996) .
To further gain insights in the pathway transducing reduced oxygen insults to increased IL-8 expression in glioma cells, we examined whether they shared some of the properties of oxygen-sensing and signal transduction pathways described for hypoxia-inducible genes such as VEGF. Cobalt, a factor phenocopying inducibility mediated by oxygen deprivation stress (Goldwasser et al., 1957) , was shown to increase IL-8 mRNA levels in glioblastoma cells at concentrations similar (LN-229) or higher (LN-Z308) to those inducing VEGF mRNA in the same cells. Anoxia and cobalt inductions of IL-8 mRNA increase were blocked by actinomycin D and DRB, suggesting transcriptional regulation. Increased transcriptional activity on the IL-8 gene under anoxia was demonstrated by nuclear run-on assays in LN-229 cells. The kinetics of induction were slower than those operative for the VEGF gene. Increases in VEGF mRNA upon hypoxia/anoxia were previously demonstrated to occur both at the transcriptional and post-transcriptional levels (Damert et al., 1997; Ikeda et al., 1995) . Further experiments will have to examine whether IL-8 mRNA stability also varies under decreased oxygen pressure.
Next, we wanted to de®ne the nature of the transcription factors that may be involved in transcriptional regulation of the IL-8 gene under anoxia. We tested all three DNA elements previously shown to be crucial for IL-8 gene regulation: the sites for AP-1, C/ EBPb and NF-kB binding (Kunsch et al., 1994; Mukaida et al., 1994; Tanaka et al., 1997) . We show that nuclear extracts prepared from glioblastoma cells (LN-229 and LN-Z308) under anoxia and cobalt display increased binding to the AP-1 response element of the IL-8 promoter. This response was inhibited by actinomycin D treatment, suggesting either new AP-1 protein complex synthesis or modi®cation of its DNA binding activity by a newly synthesized protein. Binding to response sites for transcription factors NF-kB and C/EBPb/NFIL-6 were not modi®ed. These results extend previous observations that the AP-1 sites of the collagenase and the DTdiaphorase genes are involved in the response to anoxia in carcinoma cell lines of the cervix (HeLa) and the colon (HT29), respectively (Rupec and Baeuerle, 1995; Yao et al., 1994) . IL-8 gene activation by anoxia does not appear to be regulated through the HIF-1 transcription complex, unlike the VEGF gene, since no consensus binding site for HIF-1 (Kvietikova et al., 1995) was found in the published IL-8 gene sequence. Binding to the AP-1 consensus sequence found in the VEGF gene is also increased in the response to anoxia in glioma cells (Ryuto et al., 1996) .
Further studies are needed to establish which proteins compose the AP-1 complex which binds to the AP-1 consensus site in the IL-8 gene promoter in glioblastoma cells under anoxia, and which oxygen sensing and signal transduction mechanisms are involved. The mitogen-activated protein kinase-dependent pathway is a candidate since it was recently shown to be involved in activating the c-fos gene in response to hypoxia in HeLa cells (Muller et al., 1997) Finally, to examine whether the in vitro dierences in mRNA inducing mechanisms between IL-8 and VEGF seen here had any correlates in vivo, we examined adjacent sections of human glioblastoma by in situ hybridization with probes for both mRNAs. Clear dierences were noted. Cells expressing VEGF mRNA were usually homogeneously spread around the necrosis, in a clear palisade-like pattern. IL-8 transcript expression was also found on cells surrounding necrosis, but expressing cells intermingled with non-expressors and the width of the area where expression was found was wider although less dense. Furthermore, not every palisade expressing VEGF did show IL-8 expression, features that suggest altogether dierential regulation in vivo as well. Additional studies will have to establish whether the punctuate expression patterns of IL-8 mRNA as compared to the more restricted and homogeneous pattern of induction of VEGF mRNA are solely due to in vivo dierences in microenvironmental oxygen levels. It is also possible that in vivo in¯ammatory cells such as microglia or macrophages participate in IL-8 expression since anoxia can stimulate them to release IL-8 (Metinko et al., 1992) . Tumor microvascular cells were not found to express IL-8, although endothelial cells can synthesize IL-8 in response to hypoxia (Karakurum et al., 1994; Stevens and Rodman, 1995; Ziesche et al., 1996) . Despite the fact that hypoxia stimulates the release of IL-8 and facilitates polymorphonuclear leukocytes (PMN) transmigration (Colgan et al., 1996) , PMN in®ltrates are rarely found in glioblastoma sections. The reasons for this are unclear as was previously discussed Van Meir et al., 1992) . Beside the putative role of IL-8 in glioma angiogenesis, results in the NP-1 glioma cell line suggest that IL-8 may in some cases function as an autocrine growth factor (Yamanaka et al., 1995) .
These data imply that interfering with anoxiamediated angiogenesis will likely be complex since there is not a single targetable pathway mediating upregulation of angiogenic factors in response to oxygen depletion.
Materials and methods
Cell culture and anoxic treatments
Human glioma cell lines LN-Z308 (derived from a glioblastoma, p53 null, tumorigenic in immunocompromized mice), U87MG (glioblastoma, WT p53, tumorigenic), mutant p53, tumorigenic) , T98G (glioblastoma, mutant p53, non-tumorigenic) and D247MG (gliosarcoma, WTp53, non-tumorigenic) were previously described (Albertoni et al., 1998; . Fresh culture medium (DMEM-5% FCS) was added to cells at 80% con¯uence and incubations under normoxic or anoxic conditions were performed for dierent times. Anoxic conditions were generated by incubating cells in an Oxoid Gas generating anaerobic system chamber (Unipath Ltd, Hampshire, UK) using hydrogen, CO 2 , and a palladium catalyst to remove all traces of oxygen. In these chambers an anoxic state is reached within 6 ± 8 h. For the cobalt chloride inductions, cells were plated and stimulated in the presence or absence of freshly prepared CoCl 2 (Merck, Darmstadt, Germany) at concentrations of 100 ± 1200 mM for 1 ± 24 h. To avoid the eect of serum on IL-8 gene transcription, culture medium was changed 12 h before the beginning of some experiments.
Northern blot analysis
Northern blots were prepared with 10 mg of RNA/sample as previously described (Desbaillets et al., 1994) . The probes and washing conditions used were identical to our previous report .
Inhibition of IL-8 mRNA synthesis
To determine IL-8 mRNA stability, cell lines were plated as described before, fresh culture medium was added just before treatment with either one of the two transcription blockers: actinomycin D (conc. 500 ng/ml ± 1 mg/ml; Sigma Chemical Co, St Louis, MO, USA) or 5,6-dichloro-1-Dribofuranosylbenzimidazole (DRB; conc. 30 ± 50 ng/ml; Sigma) for 15 min prior to normoxic or hypoxic induction, or prior to CoCl 2 (400 mM) activation. Total RNA was then extracted and processed for Northern blot analysis.
Nuclear run-on assays
To evaluate ongoing transcription activity on the IL-8 gene, nuclear extracts were prepared from LN-229 cells exposed to normoxia for 24 h, or to anoxia for 12 and 24 h. Cells were washed in PBS at 48C, scraped, pelleted and counted. Nuclei were then extracted from 3610 7 cells as described (Marie et al., 1993) . Pelleted nuclei were resuspended in 200 ml gycerol storage buer (50 mM Tris-Cl, pH 8.3, 5 mM MgCl 2 , 0.1 mM EDTA, 40% glycerol) and frozen in liquid nitrogen. For the in vitro elongation, nuclei were thawed and mixed with 1 vol of 26nuclei buer (10 mM Tris pH 8.0, 5 mM MgCl 2 , 300 mM KCl, 1 mM ATP, 1 mM CTP, 1 mM GTP, 5 mM DTT, 40 mg/ml BSA, 130 units/ml RNAsin), 100 mCi of [a-32 P]UTP (800 Ci/mmol, Amersham, UK) and incubated at 308C. After 30 min, 15 units RNase free-DNaseI, 10 mM MgCl 2 and 50 mg yeast tRNA were added and incubated for another 5 min. Subsequently, 1% SDS, 0.2 mg/ml Proteinase K, 10 mM Tris-HCl pH 7.5 and 2 mM EDTA were added and the mixture was incubated at 378C for 30 min, followed by two phenol/ chloroform extractions and three subsequent precipitation steps with 2.5 M NH 4 acetate and ethanol.
The pellet was ®nally resuspended in 100 ml Tris-HCl pH 8.0. Equivalent counts per min of radiolabeled RNAs (3610 6 c.p.m.) were hybridized to plasmid DNAs (5 mg/ slot) transferred onto a Zeta-Probe membrane (BioRad laboratories) using a slot blotting device. Plasmids contained cDNAs for human IL-8 (a gift from Dr Mukaida), human VEGF 165 (a gift from Dr H Weich) and mouse lymphocyte b-actin, cloned in pUC19, pBluescript-KS and pGEM1 respectively.
Empty vectors were used as controls for non-speci®c hybridization. Filters were prehybridized at 428C for 4 h in 50% formamide, 56SSPE, 1 mM EDTA, 56Denhardt's solution, 200 mg yeast tRNA, 0.5% SDS and 0.12 M NaHPO 4 pH 6.5. Hybridization was performed at 428C for 48 h in the same mix with 3610 6 c.p.m. of 32 P-labeled RNA. The ®lters were washed once in 26SSPE, 0.1% SDS at RT for 30 min, followed by two washes in 0.16SSPE, 0.1 % SDS at 508C for 30 min. Filters were then exposed to Kodak X-OMAT-AR ®lm at 7808C with intensifying screens.
Nuclear extracts and electrophoretic mobility shift assay (EMSA)
Nuclear extracts from LN-229 and LNZ-308 were prepared as previously described (Schreiber et al., 1989) . Extracts were aliquoted (2 ± 3 mg/ ml) and stored at 7708C until use. Protein concentrations were determined using a BCA Protein Assay (Pierce, Rockford, IL,USA) with bovine serum albumin as standard. Complementary 21 bp oligonucleotides containing NF-kB, AP-1 and C/EBPb sites found in the IL-8 gene promoter were used for the EMSA. For NF-kB: primers 5'-GGG ATC GTG GAA TTT CCT CTG-3' and 3'-TAG CAC CTT AAA GGT GAC CCC-5', for AP-1: 5'-GGG TGT GAT GAC TCA GGT TTG-3' and 3'-ACA CTA CTG AGT CCA AAC CCC-5', for C/EBPb: 5'-GGG CAT CAG TTG CAA ATC GTG-3' and 3'-GTA GTC AAC GTT TAG CAC CCC-5' and for the adenovirus type 2 major late transcription factor (MLTF): 5'-TAG GTG TAG GCC ACG TGA CCG-3' and 3'-ATC CCG TGC ACT GGC CCA CAA G-5'.
All the oligonucleotides were purchased from Genosys (Cambridge, UK), except for MLTF (Microsynth GmbH, Balgach, Switzerland) . Single stranded oligonucleotides were diluted to 1 mg/ml, heated at 958C for 4 min and allowed to anneal at room temperature for 4 h. They were then puri®ed on a 10% polyacrylamide gel prior to labeling. Oligonucleotides were 3'-end labeled with a-32 P-dCTP and dGTP (3000 Ci/mmol; Amersham, UK) with the Klenow polymerase for 15 min at room temperature as described (Sambrook et al., 1989) . Unincorporated nucleotides were removed using Sephadex G-50 spun columns. DNA-protein binding reactions were performed by preincubating 4 ± 5 mg of nuclear protein extract in 10 mM Tris-HCl (pH 7.5), 50 mM KCL, 50 mM NaCl, 1 mM MgCl 2 , 1 mM EDTA, 5 mM DTT, 5% glycerol, and 0.5 mg poly (dI-dC) on ice for 10 min, followed by the addition of the double stranded [ 32 P]oligonucleotide (approximately 10 ± 30 000 c.p.m.) and another incubation for 20 min at RT. For competition experiments, 100 times excess of unlabeled annealed oligonucleotides were added to the binding reaction mixtures 5 min prior to the addition of the labeled oligonucleotides. Samples were then loaded on 0.4% non-denaturating polyacrylamide gels (acrylamide-bisacrylamide ratio 29 : 1). Electrophoresis was performed at 48C at 200 V in TBE buer (16TBE : 89 mM Tris, 89 mM boric acid, 2 mM EDTA). The gels were ®xed for 15 min in a solution of 10% acetic acid and 30% methanol, dried and exposed to Kodak X-OMAT-s ®lms for 5 min to 6 h. The integrity of each extract was assessed by EMSA with the probe detecting the ubiquitously expressed MLTF transcription factor.
In situ experiments
In situ hybridization and immunohistochemistry were performed with reagents and protocols previously described Van Meir et al., 1992) .
Abbreviations
Act.D, actinomycin D; DRB, 5,6-dichloro-1-D-ribofuranosylbenzimidazole; HIF-1, hypoxia-inducible factor-1; IL-8, interleukin-8; MLTF, adenovirus type 2 major late transcription factor; VEGF, vascular endothelial growth factor.
